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Abstract
Previous studies have identified eight parameters as being the most influential on 
the Icelandic economy in the light of prevailing climate change.  This study aims 
to investigate these economic parameters in relation to the Arctic Region and the 
Icelandic economy. The study is rooted in the theoretical framework of decision 
analysis and is intended to contribute to strategic and tactical decision making 
in the context of Iceland and developments resulting from climate changes in the 
Arctic Region. The study results could eventually lead do a “What if” decision 
model, where multiple scenarios can be analyzed by inserting/entering different 
probabilities of a particular outcome. The parameters under screening/review 
are interdependent, and to construct a decision model these interdependencies 
must be assessed. The Delphi method was employed, along with the cross-impact 
analysis, to shed light on the interconnections between eight of these parameters. 
Diverse views are revealed concerning the impacts between parameters, although 
a consensus was reached in the second round of the survey. In some instances, 
the level of agreement was high, while other estimates showed a wide range of 
responses. The diversity in answers suggests a higher level of uncertainty regarding 
some parameters and events compared to others. The survey also indicates how 
challenging the Delphi and cross-impact methods are in terms of the involvement 
of experts. However, when data is scarce, these methods provide significant insight.
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1 Introduction 
1.1 Background
Interest in the Arctic Region has increased immensely over recent years (Ding et al, 2017). 
This is due to a substantial decrease in the multiyear ice area in the Arctic, with a record 
decline in 2008 and again in 2012 (Comiso, 2012). Although the ice area has recovered to 
some extent in individual years, there is still a trend of rapid decline per decade (NSIDC, 
2016).  As a result, the Arctic coasts will likely be free of ice all summer by the middle of 
this century (Laulajainen, 2009). This has opened the doors to industrial opportunities, as 
well as to commercial sailing through the Arctic Sea Route. There is also, however, great 
uncertainty regarding the consequences of increasing activity in the Arctic, and how this 
will affect the environment, society and economy in the regions surrounding the Arctic 
(Lloyd´s, 2011; Jóhannesdóttir & Cook, 2015). 
With increased shipping activity comes a higher risk of accidental or illegal oil spills 
and currently there is a lack of marine infrastructure to respond to such incidents and 
other emergency safety issues (Ellis & Brigham, 2009). Furthermore, Arctic residents are 
apprehensive about the impact on their culture and society, as well as the disruption of 
marine species, upon which they heavily rely. 
To make matters more complicated, all these factors are interrelated, and treating each 
of them in isolation will not result in a comprehensive view of the developments north 
of the Arctic Circle.  Taking everything above in to account, the countries surrounding 
the Arctic and their representatives now face the difficult task of economic decision mak-
ing regarding their Arctic activities. Given the many uncertainties and possible scenarios, 
and the interdependency between parameters, a coherent overview of the problem would 
greatly benefit stakeholders and decision makers.  This study aims to investigate some of 
the economic parameters, and their interrelations, pertaining to a decision model repre-
senting developments in the Arctic over the next 20 years, based on previous studies by 
Grímsdóttir (2014) and Guðmundsson (2015). In the previous studies, some 28 economic 
parameters were identified by stakeholder analysis.  The most significant and dominant 
eight parameters were selected on the basis of weighted analysis by the stakeholders. A 
stochastic decision model with connected economic parameters could enhance our under-
standing of the positive and negative impact of different possible scenarios in Iceland. Ar-
guably, the decision model could also be applied to other developed economies affected 
by the climate changes in the Arctic. 
The Arctic Circle is specified as an approximation for the southern boundary of the 
midnight sun at an imaginary line situated at 66°32’N (AMAP, 1998).  The eight countries 
comprising the Arctic Region are: Canada, Denmark, Finland, Iceland, Norway, Russia, 
Sweden and the United States of America. These countries form the Arctic Council, which 
was established in 1996 with the signing of the Ottawa declaration, which gives the Arctic 
Council a broad approval to address issues relevant to the Arctic Region and its peoples 
(Arctic Council, 2016). In the last 20 years, the Arctic Council has focused mainly on en-
vironmental protection and sustainable development. Six working groups operate within 
the Arctic Council, each focusing on different aspects of issues regarding the Arctic. How-
ever, none of these working groups focus on the economic impact of increased activity 
in the Arctic Region. As mentioned above, there are many opportunities, challenges and 
uncertainties that arise as a result of the ongoing climate changes and melting of the Arctic 
ice cap. 
The opportunities revolve around the natural gas the Arctic holds, and the rise of tour-
ism and fisheries in the Arctic, which, amongst other things, can be attributed to easier 
access to the region. The Northeast Passage and the Northwest Passage, jointly referred to 
as the Arctic Sea Route, which can be seen in Figure 1, are expected to open up for year-
round commercial shipping by the end of this century (Laulajainen, 2009). This will lead 
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to more accessible discovery and exploitation of mineral resources, for example hydro-
carbons, and possibly form a new pattern of raw material flows (ACIA, 2004). Substantial 
areas reaching beyond territorial waters are likely to gain economic value, and further-
more there will be an expansion northward in areas suitable for forestry and some types 
of agriculture. In addition to this, Icelandic ports could serve as hubs in the transshipment 
industry relating to the Arctic Region.
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Figure 1. The Arctic Sea Route (Ellis & Brigham, 2009, p. 17) 
 
1.2 Statement of problem 
Extreme weather conditions and a harsh natural environment have characterized the area 
north of the Arctic Circle for centuries, and so the area is relatively uncharted territory. This 
presents several difficulties for stakeholders interested in investing in the Arctic. The level of 
uncertainty is high, and the supply of accurate predictions is scarce, as precedents are non-
existent. However, it is expected that business-related activities will escalate dramatically in 
the next ten to twenty years (Holthus, Clarkin & Lorentzen, 2013; Lajeunesse, 2012). There are 
many variables to consider pertaining to environment, society, security and wildlife before 
embarking on economic ventures with undetermined outcomes. 
1.3 Research questions 
The research questions are as follows: 
 Can the interrelations between the 8 chosen parameters be determined? 
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and wildlife before embarking on economic ventures with undetermined outcomes.
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1.3 Research questions
The research questions are as follows:
• Can the interrelations between the 8 chosen parameters be determined?
• Which of the cross-impacts between chosen economic parameters convey the most 
uncertainty and risk?
• Which of the 8 economic parameters, if any, have no interrelation between them.
An economic parameter in this research is defined as: a variable that can influence cost 
and/or income directly or indirectly, for business life and government in the coming dec-
ades. 
The paper is structured as follows: the theoretical framework is described, then the 
methodology, followed by the research process. The results are then presented, followed 
by discussion and final conclusion.
1.4 Limitations
The parameters that will ultimately influence decision making in the Arctic originate from 
different areas of expertise and form a much larger set than will be explored here. The fo-
cus in this research is on the economic parameters, already defined by Grímsdóttir (2014), 
and their impact factor on the Icelandic economy over the next 20 years. Furthermore, the 
interconnection between eight of the parameters is the main subject of this paper. There 
are legal and political issues, as well as environmental ones that will not be resolved in 
this research. Finding a balance between environmental and economic objectives is often 
complicated, quite apart from the political and ethical issues that come into play, but these 
matters will not be addressed here. The effect on the delicate ecosystem of the Arctic, al-
though important, is not addressed in this study.
2 Theoretical framework
The study is grounded in decision theory and analysis which deals with decision making 
under uncertainty. The research is approached from the perspective of systems engineer-
ing, where models of various types are prevalent.  First, there will be a discussion on deci-
sion theory and analysis. Next, the Delphi method will be described and finally, the theory 
of cross-impact analysis will be covered.
2.1 Normative and descriptive theory
When modern decision theory began developing in the mid-20th century, a distinction 
started to form/emerge, the distinction between two main approaches to decision theory - 
on the one hand, normative decision theory, and on the other, descriptive decision theory. 
Normative theory deals with how people should behave and make decisions in a ra-
tional way, while descriptive theory is about how people actually behave and make deci-
sions in real life situations (Hansson, 1994). Likewise, normative models state what should 
happen if everything behaved according to certain theories, whereas descriptive models 
try to describe how things actually take place, without making any judgement as to how 
they should happen (Howard, 1988). 
Although the line between descriptive and normative theory seems clear, many prob-
lems and their analysis involve aspects of both (French, 1995). Decision analysts use nor-
mative decision theories to help decision makers choose strategies for comparing conse-
quences described by descriptive models of these strategies. This is commonly referred to 
as prescriptive analysis (French, 1995). 
Behavioral decision theory was introduced in 1954 by the American psychologist Ward 
Edwards (Edwards, 1954).  It was one of the first models to highlight the importance of 
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subjective values and belief in judgment and decision making as the basis for predicting 
decision behavior.
2.2 Decision analysis
Confirming the distinction between normative and descriptive decision theory was an 
important step in the advancement of decision analysis and the development of methods 
to deal with complex decisions under multiple objectives or uncertainty. The role of de-
cision analysis has changed significantly since earlier years, when the focus was often on 
finding an optimal solution. However, today in decision analysis discipline, the emphasis 
is on analysis of the complexity that decision makers face, or, as described by Keeney 
(1982, p. 821): “Decision analysis will not solve a decision problem, nor is it intended to. Its 
purpose is to produce insight and promote creativity to help decision makers make better 
decisions”. 
Modern decision analysis bases its foundation on a set of principles for analyzing de-
cision problems (Keeney, 1982). The principles provide a sound basis for a systematic 
analysis, including judgement and values, to be applied to a range of decision problems. 
The focus of decision analysis is on the five elements common to all decision problems. 
These are: (1) A perceived need to accomplish some objectives, (2) several alternatives, one 
of which must be selected, (3) the consequences associated with alternatives are different, 
(4) uncertainty, usually about the consequences of each alternative and (5) the possible 
consequences are not all equally valued (Keeney, 1982).
The process of analyzing decision problems is based on the aforementioned axioms. 
As with the axioms, various scholars have outlined the process in a range of publications. 
Although the number of steps or phases and the emphasis on terminology are different, 
the processes described are much the same. Ronald A. Howard identifies three phases in 
the decision analysis procedure (Howard, 1966). First, there is the deterministic phase, 
second, the probabilistic phase, and finally, the post mortem phase. The first phase entails 
defining the decision, identifying alternatives, assigning value to outcomes, along with 
selecting variables and establishing their relationship. The second, probabilistic phase is 
where uncertainty and risk preference are considered and the best alternative selected. 
The post mortem phase is dedicated to analysis of the impact of uncertainties on the out-
come and then the gathering of more information before finally, as the result of the analy-
sis, a decision is taken on how to move forward.
2.3 Delphi method
This method is/comes in the form of a group communication process and is, in a sense, 
a controlled debate (Gordon, 1994; Hsu & Sandford, 2007). It aims to achieve a conver-
gence of opinion on the real-world issue at hand, and has been applied with success in 
many instances (Shortall, Davidsdottir & Axelsson, 2015). However, sometimes consensus 
is not reached, and when that happens the reasons for contrasting positions become clear 
through the process (Gordon, 2009). Delphi should inspire genuine discussion, independ-
ent of personalities. Anonymity is essential to eliminate the influence of indoctrination by 
skillful speakers.The technique consists of a survey carried out in two or more rounds, 
where the outcome of the first round is provided to the participants in the second round 
(Cuhls, 2005). The Delphi method generates both qualitative and quantitative results and 
is based on explorative, predictive and normative elements (Cuhls, 2005). To sum up, the 
Delphi method can be defined as a technique for gathering judgements on complex sub-
jects where other information is scarce (Yousuf, 2007).
2.4 Cross-impact analysis
The first step in the initial form of the cross-impact method was to select the events to be 
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included in the analysis. The value of results obtained from the method rely heavily on 
the selection of events, because impacts excluded from the collection/selection are thereby 
excluded from the study. On the other hand, it is ill-advised to include impacts not signifi-
cant to the study, since the number of interactions to be valued increases appreciably with 
each event added (Gordon, 1994). This is apparent when considering that the number of 
event pairs to be evaluated is equal to n2 – n (n being the number of events). 
When the set has been determined, the initial probability of each event must be estimat-
ed. This is the likelihood of the event taking place within a previously decided timeframe. 
The next step is to evaluate the conditional probabilities by asking what the posterior 
likelihood of event m would be if n occurred. The entire set of evaluations is completed for 
each event occurring and impacting all other events. Because of laws of probability, some 
inconsistencies in the estimations may arise, which require them to be reviewed before 
going further (Gordon, 1994). The final steps of the original cross-impact method then 
include calibrating the cross-impact matrix and, after that, analyzing how sensitive the 
system is to fluctuations in probabilities, both initial and conditional, of different events. If 
there are substantial changes from the first run, it implies that this event and judgment is 
important to the future outcome of events.
There are different ways of calculating the cross-impact - see e.g. (Blanning & Reinig, 
1999; Han, 2001; Weimer-Jehle, 2005). Alarcon and Ashley derived a 7-point scale with in-
dex numbers from -3 to 3. Considering the events in matrix form, the question becomes: “If 
column states were to occur how would this affect the probability of row states?” (Alarcon 
& Ashley, 1998). The scale center, zero, represents no effect on row states when column 
states occur. The scale is mirrored around the center. The indexes -3, -2 and -1 represent 
a significant, moderate and slight decrease in the probability of the affected state, respec-
tively, while +3 to +1 represent an increase in the probability in the same manner. Posterior 
probabilities are then calculated by analytical inferences and Monte Carlo simulations.
3 Methodology 
The research is primarily quantitative, which entails developing a method to generate 
numerical measurements and analyzing and modelling the numerical data. Primary and 
secondary data sources were used during the work on this paper. The secondary data 
was in the form of academic research, reports by government agencies and other texts 
that were helpful in gaining insight into the topic and in creating a historical review and 
the underlying theories and methods that would guide the work. The primary data was 
gathered via two separate rounds of a questionnaire designed by the researcher. The par-
ticipants formed a non-probability sample through purposive sampling, as experts on the 
matter at hand were sought. The former/earlier questionnaire was presented to experts as 
an internet survey with an introductory letter by email. The second round was presented 
only to respondents to the first round. Questions were omitted in the second round if wide 
consensus was expressed in their response to the first round, as will be further discussed 
in the next section.
3.1 Research process
One factor in conducting a successful Delphi study is the selection of participants (Gor-
don, 2009). For this study, the participants had to qualify as experts on matters related 
to developments in the Arctic Region.  The original expert base is grounded/based on a 
purposive sample derived from a list of participants in the Arctic Center Conference 2013 
(Grímsdóttir, 2014). Grímsdóttir (2014) conducted interviews with the experts to identify 
the parameters that could contribute to an abstraction of a decision model.  Guðmundsson 
(2015) repeated the questionnaire with a larger sample of Arctic stakeholders by accumu-
lating 236 e-mail addresses by internet search.  The most critical parameters were identi-
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fied by the application of a Likert scale. Steinþórsdóttir (2017) applied the Delphi method 
on those eight (8) parameters which were critical for a cross-impact analysis. Members and 
heads of committees and institutes on matters relating to the Arctic region were sought, 
along with executives from the industry sector and politicians who have shown interest 
in developments in the Arctic. In total, 50 invitations to participate were sent out. The first 
round received 16 responses, including 1 partial response. The second round got even 
fewer responses - only 11, including 1 partial response. This was expected, as the more 
rounds are held, the more participants drop out (Gordon, 2009). However, the response 
rate was acceptable, as Iceland is a small country, so an abundance of experts is not to be 
expected. 
Eight of the 28 impact factors were chosen for this study. These eight factors are all re-
lated to the Icelandic economy in the next 20 years and are as follows:
• Impact factor of oil and gas exploration
• Impact factor of tourism in the Arctic region
• Impact factor of cruise ships in the Arctic region
• Impact factor of fisheries in the Arctic region
• Impact factor of re-shifting of fish stocks in the Arctic region
• Impact factor of the need to monitor marine traffic (such as fishing vessels, ice 
breakers, cruise ships etc.)
• Impact factor of a transshipment port in Iceland
• Impact factor of cargo aircraft in the Arctic region
As seen from the list above, the impact factors do not represent single events, so a differ-
ent approach to the cross-impact method was taken to evaluate their relationships. Rather 
than asking about occurrence, the respondents were asked to evaluate the impact one 
factor would have on the others.
The questions were in the following form (with question 1 as an example): How would 
oil and gas exploration in the Arctic region affect the impact of the following economic factors on 
the Icelandic economy in the near future (20 years)?
The other factors were listed below and the scale was from -3 to 3 with corresponding 
impacts as shown below:
-3 High negative impact
-2 Moderate negative impact
-1 Slight negative impact
 0 No impact
+1 Slight positive impact
+2 Moderate positive impact
+3 High positive impact
Respondents also had an opportunity to give a reason for their estimate, and these were 
used along with survey data as feedback in round 2. The wording of questions was re-
viewed numerous times to ensure as far as possible that the wording was clear and that 
misunderstanding would be minimized.
Data from the first round of the survey had to be analyzed for delivering feedback in 
the second round of the survey. A box and whisker plot was constructed of judgment(s 
?) on each interrelation between factors. A box and whisker plot shows the median of an-
swers along with the interquartile range and the full range of answers. The interquartile 
range contains 25% of answers on each side of the median forming the “box”. The “whisk-
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ers” are lines that show the full range of answers. Often the whiskers only represent a cer-
tain parameter around the interquartile range and outliers (data points that are outside of 
the range) are shown as single points. Since this research deals with expert judgment, the 
whiskers represent the range of answers given in the feedback. The respondents’ sample 
is small, so one could argue that outliers should not be treated as mistakes or glitches, as is 
often the case in other applications. Along with the plots for each question, a summary of 
reasons given for different answers was also supplied. An example of the use of Box and 
Whisker plots may be found in (Petty et al, 2018).
4 Results 
4.1 Oil and gas exploration
The first question was about how oil and gas exploration in the Arctic would impact the 
other factors with regard to the Icelandic economy over the next 20 years. The results of 
the first round can be seen in Figure 2. The answer median is shown in blue and the inter-
quartile range as the box surrounding it. The whiskers, the lines outside the boxes, repre-
sent the full range of answers. The narrower the interquartile range, the smaller is the box 
in height, since this range covers 25% of answers above and below the median.
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Figure 2. Impact of oil and gas exploration in the Arctic Region – round 1 
 
The range of judgments is quite extensive regarding impact on all other factors. The impact of 
oil on the need to monitor traffic spreads over the entire 7 point-scale of estimations, and the 
interquartile range stretches from slight negative impact to moderate positive impact.  The 





Figure 3. Impact of oil and gas exploration in the Arctic Region – round 2 
 
Comments from the first round were fed back to participants in the second round, along with 
results from the first round, as shown in Figure 2. The median of answers did not change in 
the second round, but the breadth of responses reduced. The outcome of round 2 is seen in 
Figure 3.  
In the second round, the distribution of answers was examined further and it revealed a 
split judgement on the impact of oil and gas exploration on cruise ships in the Arctic Region, 
as seen in Figure 4. More experts predict it will have a negative impact on cruise ships but 
there is still a group that predicts a slight positive impact. Comparing this to answers from the 
Figure 2. Impact of oil and gas exploration in the Arctic region – round 1
The range of judgments is quite extensive regarding impact on all other factors. The impact 
of oil on the need to monitor traffic spreads over the entire 7 point-scale of estimations, 
and the interquartile range stretches from slight negative impact to moderate positive im-
pact.  The impacts estimated in the second round can be seen in Figure 3. 
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Comments from the first round were fed back to participants in the second round, along 
with results from the first round, as shown in Figure 2. The median of answers did not 
change in the second round, but the breadth of responses reduced. The outcome of round 
2 is seen in Figure 3. 
In the second round, the distribution of answers was examined further and it revealed 
a split judgement on the impact of oil and gas exploration on cruise ships in the Arctic 
region, as seen in Figure 4. More experts predict it will have a negative impact on cruise 
ships but there is still a group that predicts a slight positive impact. Comparing this to 
answers from the first round, it is observed that participants have somewhat moved away 
from answering no impact and estimates have shifted from a moderate negative impact to 
a slight negative impact.
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first round, it is observed that participants have somewhat moved away from answering no 





Figure 4. Distribution of answers on oil and gas impact on cruise ships 
 
There is also a lack of consensus on the impact on the need to monitor marine traffic in the 
Arctic Region. The majority believe it will have a slight or moderate positive impact. Those 
who believe it will have a negative impact say this will be moderate or high. Diversity among 




Figure 5. Distribution of answers regarding oil and gas impact on monitoring marine traffic 
 
Observe that in the rest of this section, only results from round 2 will be presented. All results 
can be retrieved from (Steinþórsdóttir, 2017). 


























Figure 4. Distribution of answers on oil and gas impact on cruise ships
There is also a lack of consensus on the impact on the need to monitor marine traffic in the 
Arctic region. The majority believe it will have a slight or moderate positive impa t. Those 
who believe it will have a negative impact say this will be moderate or high. Diversity 
among the answers is rather wide on this impact, as can be seen in Figure 5.
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Observe that in the rest of this section, only results from round 2 will be presented. All 
results can be retrieved from (Steinþórsdóttir, 2017).
4.2 Tourism in the Arctic region
The impact of tourism in the Arctic region on other factors, with regard to the Icelandic 
economy over the next 20 years was the subject of the second question. There was more 
consensus on the impact of tourism than on that of oil and gas in question 1. Participants 
were mostly in agreement about the impact of tourism on oil and gas exploration, fisheries 
and re-shifting of fish stocks. The majority of respondents, or 75%, 70% and 70% respec-
tively, agreed that tourism would have no impact on these three factors. The estimation 
for other factors was more spread out. The impact on the need to monitor traffic has the 
widest interquartile range and stretches from no impact to moderate positive impact. 
The impact of tourism on cruise ships ranged from moderate negative impact to high 
positive impact. However, most participants estimated the impact to be either slight or 
moderate positive. The cut off criteria allowed for only the impact of oil and gas explora-
tion to be skipped in the second round of the questionnaire. Respondents gave reasons for 
their estimations in other categories, and since the Delphi method encourages exchange 
of opinion, these were kept through to the second round. The results of round 2 are dis-
played in Figure 6.
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Figure 6. Impact of tourism in the Arctic Region – round 2 
 
The only impact that changed between rounds regarding the median value was the impact of 
tourism on a transshipment port in Iceland.  The estimation went from no impact to slight 
positive impact. The range of answers decreased for most questions which were repeated, 
excluding the ones that already had a narrow answer range. The same can be said about the 
interquartile ranges. The impact of tourism on cruise ships is now between slight and 
moderate positive, with everyone agreeing it will be on the positive side. The average value is 
1.8, however, so this impact is estimated as moderate positive impact for the cross-impact 
matrix. 
 
Figure 6. Impact of tourism in the Arctic region – round 2
The only impact that changed between rounds regarding the median value was the im-
pact of tourism on a transshipment port in Iceland.  The estimation went from no impact 
to slight positive impact. The range of answers decreased for most questions which were 
repeated, excluding the ones that already had a narrow answer range. The same can be 
said about the interquartile ranges. The imp ct of tourism on cruise ships is n w between 
slight and moderate positive, with everyone agreeing it will be on the positive side. The 
average value is 1.8, however, so this impact is estimated as moderate positive impact for 
the cross-impact matrix.
4.3 Cruise ships in the Arctic region
Next, th  impact of cruise ships in the Arctic region on oth r factors was estimated with 
regard to the Icelandic economy over the next 20 years. A high rate of consensus is reached 
regarding the impact of cruise ships on fisheries, re-shifting of fish stocks and cargo air-
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craft. This can be seen from the small/narrow interquartile range for each of these factors, 
and few or no estimations are outside of that range. The other impacted factors received 
a wider range of answers, with tourism and the need to monitor traffic being especially 
notable, since responses range from high positive impact to moderate negative impact. 
Estimation for these two impacts was requested again in the second round, as well as for 
oil and gas and transshipment. The outcome of the second round of replies is displayed 
in Figure 7.
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Figure 7. Impact of cruise ships in the Arctic Region – round 2 
 
The outcome of the second survey revealed a new value of median for 3 of the 4 impacts 
included in round 2, as seen in Figure 7. Estimates for the impact on tourism and the need to 
monitor marine traffic are still spread, although the interquartile range has decreased for 
monitoring of marine traffic. Due to fewer negative estimates of the impact of cruise ships on 
tourism in the Arctic, the interquartile range has moved upwards. The interquartile range for 
the impact on a transshipment port stays the same, however, consensus has moved towards a 
slight positive impact. 
4.4 Fisheries in the Arctic Region 
Question 4 asked participants to estimate the impact of fisheries in the Arctic region on other 
factors, with regard to the Icelandic economy over the next 20 years. Consensus was reached 
on the impact of fisheries on tourism and cruise ships in the first round. The majority estimate 
was no impact, with 94% and 88% respectively. The majority estimate for the impact of 
fisheries on oil and gas was 56% at no impact. However, 44% voted for slight negative impact, 
and so participants were asked to consider the impact again. Other judgments got a wide range 
of estimates, so although the interquartile range was relatively small, participants were asked 
to re-evaluate, based on the outcome and reasons for estimates given as feedback. The outcome 
of round 2 is displayed in Figure 8. 
Figure 7. Impact of cruise ships in the Arctic region – round 2
The outcome of the second survey revealed a new value of median for 3 of the 4 impacts 
included in round 2, as seen in Figure 7. Estimates for the impact on tourism and the need 
to monitor marine traffic are still spread, although the interquartile range has decreased 
for monitoring of marine traffic. Due to fewer negative estimates of the impact of cruise 
ships on tourism in the Arctic, the interquartile range has moved upwards. The interquar-
tile range for the impact on a transshipment port stays the same, however, consensus has 
moved tow rds a slight positive impact.
4.4 Fisheries in the Arctic region
Question 4 asked participants to estimate the impact of fisheries in the Arctic region on 
other factors, with regard to the Icelandic economy over the next 20 years. Consensus 
was reached on the impact of fisheries on tourism and cruise ships in the first round. The 
majority estimate was no impact, with 94% and 88% respectively. The majority estimate 
for the impact of fisheries on oil and gas was 56% at no impact. However, 44% voted for 
slight negative impact, and so participants were asked to consider the impact again. Other 
judgments got a wide range of estimates, so although the interquartile range was relative-
ly small, participants were asked to r -evaluate, based on the outcome and reasons for 
estimates given as feedback. The outcome of round 2 is displayed in Figure 8.
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Figure 8. Impact of fisheries in the Arctic region – round 2 
 
The median value for 3 of the 5 factors changed in the second round, as seen in Figure 4-10. 
Values moved slightly in the direction of positive impact and the range of answers decreased. 
Due to a researcher mistake in the survey, the impact of fisheries on re-shifting of fish stocks 
was not evaluated in the second round. Participants were instead asked to evaluate the impact 
of fisheries on fisheries. Some noticed, others did not, but the answers from the first round 
must be used as the result here.  
4.5 Re-shifting of Fish Stocks 
The outcome from the first survey on the impact of re-shifting of fish stocks on other factors 
with regard to the Icelandic economy over the next 20 years can be seen in Figure 9. The 
interquartile range for 4 out of 7 impacted factors only contains 1 estimate, that is no impact. 




Figure 9. Impact of re-shifting fish stocks – round 2 
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The median value for 3 of the 5 factors changed in the second round, as seen in Figure 
4-10. Values moved slightly in the direction of positive impact and the range of answers 
decreased. Due to a researcher mistake in the survey, the impact of fisheries on re-shifting 
of fish stocks was not evaluated in the second round. Participants were instead asked to 
evaluate th  impact of fisheries on fisheries. Some noticed, others did not, but the answers 
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4.5 Re-shifting of fish stocks
The outcome from the first survey on the impact of re-shifting of fish stocks on other fac-
tors with regard to the Icelandic economy over the next 20 years can be seen in Figure 9. 
The interquartile range for 4 out of 7 impacted factors only contains 1 estimate, that is no 
impact. This shows that a clear maj rity of respondents agreed regarding the impact on 
these factors.
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The median value for 3 of the 5 factors changed in the second round, as seen in Figure 4-10. 
Values moved slightly in the direction of positive impact and the range of answers decreased. 
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with regard to the Icelandic economy over the next 20 years can be seen in Figure 9. The 
interquartile range for 4 out of 7 impacted factors only contains 1 estimate, that is no impact. 




Figure 9. Impact of re-shifting fish stocks – round 2 
Figure 9. Impact of re-shifting fish stocks – round 2
The median value for each impact f re-shifti g of fish stocks was concluded to be zero or 
no impact, except for the impact of re-shifting of fish stocks on the need to monitor ma-
rine traffic, where the impact is 0.5, or between no impact and a slight positive impact. In 
this situation, it is helpful to look at the average value, which is 0.7. This put the impact 
at slight positive rather than no impact. Again, the estimates for the impact of re-shifting 
of fish stocks on fisheries cover the range of the scale, but the interquartile range has de-
creased decidedly.
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4.6 The need to monitor marine traffic
Question 6 asked participants to estimate how the need to monitor marine traffic in the 
Arctic Region would affect other impact factors, regarding the Icelandic economy over the 
next 20 years. In line with the cut off criteria, participants were asked to reassess impacts 
for 4 of the 7 factors in the second round. Results can be seen in Figure 10.
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cover the range of the scale, but the interquartile range has decreased decidedly. 
 
4.6 The Need to Monitor Marine Traffic 
Question 6 asked participants to estimate how the need to monitor marine traffic in the Arctic 
Region would affect other impact factors, regarding the Icelandic economy over the next 20 
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Figure 10. Impact of need to monitor traffic – round 2 
 
As seen on the plots, participants moved towards greater consensus in the second round. The 
median values of impact on oil and gas and tourism have both moved to 0.5. The average 
values are 0.6 and 0.5 respectively. Due to the average value, these impacts will be 
approximated as slight positive impacts in the cross-impact matrix presented later. 
4.7 Transshipment Port in Iceland 
The impact of a transshipment port in Iceland on the other factors, with regard to the Icelandic 
economy over the next 20 years was the subject of question 7. Judgments on the impact of a 
transshipment port in Iceland were quite diverse. The only consensus reached in the first 
round was the impact on re-shifting of fish stocks, and the conclusion was no impact. The 
other 6 impacted factors were included in round 2, and participants were asked to reassess 
their judgments. The outcome can be seen in Figure 11. 
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As seen on the plots, participants moved towards greater consensus in the second round. 
The median values of impact on oil and gas and tourism have both moved to 0.5. The av-
erage values are 0.6 and 0.5 respectively. Due to the average value, these impacts will be 
approximated as slight positive impacts in the cross-impact matrix presented later.
4.7 Transshipment port in Iceland
The impact of a transshipment port in Iceland on the other factors, with regard to the 
Icelandic economy over the next 20 years was the subject of question 7. Judgments on the 
impact of a transshipment port i   wer  quite diverse. T e only consensus reached 
in the first round was the impact on re-shifting of f sh stocks, and the conclusion was no 
impact. The other 6 impacted factors were included in round 2, and participant  were 
aske  to reassess their judgments. The ou come can b  seen in Figure 11.
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Figure 11. Impact of a transshipment port in Iceland – round 2 
 
The median value for these impacts did not change between rounds, except for the impact on 
cargo aircraft, which moved from no impact to slight positive impact. However, judgments on 
the impact of a transshipment port in Iceland on fisheries and need to monitor marine traffic 
are still rather diverse. 
4.8 Cargo Aircraft in the Arctic Region 
Lastly, participants were asked to estimate how cargo aircraft in the Arctic Region would 
impact other factors with regard to the Icelandic economy over the next 20 years. The 
interquartile range for all impact judgments is reasonably small, suggesting some degree of 
consensus. However, criteria for consensus were not met, and participants were asked to 
consider their judgments again in round 2. This was largely due to how evenly answers were 
distributed between the impacts estimated and the many comments given on reasons for 




Figure 12. Impact of cargo aircraft in the Arctic Region – round 2 
 
Figure 11. Impact of a transshipment port in Iceland – round 2
The median value for these i pacts did not change between rounds, except for the impact 
on cargo aircraft, which moved from no impact to slight positive impact. However, judg-
ments on the impact of a transshipment port in Ic land on fisheries and need to monitor 
marine traffic are still rather diverse.
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4.8 Cargo aircraft in the Arctic region
Lastly, participants were asked to estimate how cargo aircraft in the Arctic region would 
impact other factors with regard to the Icelandic economy over the next 20 years. The in-
terquartile range for all impact judgments is reasonably small, suggesting some degree of 
consensus. However, criteria for consensus were not met, and participants were asked to 
consider their judgments again in round 2. This was largely due to how evenly answers 
were distributed between the impacts estimated and the many comments given on rea-
sons for judgments. These results can be seen in Figure 12.
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cargo aircraft, which moved from no impact to slight positive impact. However, judgments on 
the impact of a transshipment port in Iceland on fisheries and need to monitor marine traffic 
are still rather diverse. 
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Lastly, participants were asked to estimate how cargo aircraft in the Arctic Region would 
impact other factors with regard to the Icelandic economy over the next 20 years. The 
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Figure 12. Impact of cargo aircraft in the Arctic region – round 2
The outcome of the second round satisfied the criteria for consensus. However, the me-
dian for impact rate did not change, apart from the impact of cargo aircraft on fisheries, 
which moved from a slightly positive impact to a position between no impact and slightly 
positive. The average for this impact is at 0.4 and therefore cargo aircraft are approximated 
as at no impact in the cross-impact matrix.
4.9 Cross-impact matrix and interdependencies model
The interdependencies of the impact parameters judged by the expert participants are 
represented in a cross-impact matrix and a model abstraction below. This is an attempt to 
gain an oversight of cross-impact relations between these factors.
The cross-impact matrix is displayed in Table 1 and the interdependencies model can 
be seen in Figure 13.
Table 1. Cross-impact matrix according to expert judgments
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The cross-impact matrix provides a better overview of the parameters studied. According to 
the expert judgments, none of the parameters impact re-shifting of fish stocks, and only one 
parameter, oil and gas exploration, impacts fisheries in the Arctic Region. Oil and gas 
exploration in the Arctic is also the only parameter concluded to have a negative impact on 
other parameters. Tourism in the Arctic Region and cruise ships in the Arctic Region have a 
moderate positive impact on one another. Moderate positive impact is the highest impact 
observed in the study, and no impact between parameters is the most frequent judgment. 
How will the row factors affect the 
impact of column factors with 
regards to the Icelandic economy in 
the next 20 years?
Oil and gas 
exploration in the 
Arctic region
Tourism in the 
Arctic region
Cruise ships in 
the Arctic region
Fisheries in the 
Arctic region
Re-shifting of fish 
stocks in the 
Arctic region
Need to monitor 




Cargo aircraft in 
the Arctic region
Oil and gas exploration in the 
Arctic region SLI- SLI- SLI- No Impact SLI+ SLI+ SLI+
Tourism in the Arctic region No Impact MOD+ No Impact No Impact SLI+ SLI+ No Impact
Cruise ships in the Arctic 
region No Impact MOD+ No Impact No Impact SLI+ SLI+ No Impact
Fisheries in the Arctic region No Impact No Impact No Impact No Impact SLI+ SLI+ SLI+
Re-shifting of fish stocks in 
the Arctic region No Impact No Impact No Impact No Impact SLI+ No Impact No Impact
Need to monitor marine 
traffic in the Arctic SLI+ SLI+ SLI+ No Impact No Impact SLI+ No Impact
Transshipment port in 
Iceland SLI+ No Impact No Impact No Impact No Impact SLI+ SLI+
Cargo aircraft in the Arctic 
region SLI+ No Impact No Impact No Impact No Impact No Impact SLI+
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The cross-impact matrix provides a better overview of the parameters studied. According 
to the expert judgments, none of the parameters impact re-shifting of fish stocks, and only 
one parameter, oil and gas exploration, impacts fisheries in the Arctic Region. Oil and gas 
exploration in the Arctic is also the only parameter concluded to have a negative impact 
on other parameters. Tourism in the Arctic Region and cruise ships in the Arctic Region 
have a moderate positive impact on one another. Moderate positive impact is the highest 
impact observed in the study, and no impact between parameters is the most frequent 
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Figure 13. Cross-impacts of factors inherent in this study 
 
Figure 13 displays the same information as the cross-impact matrix in Table 1. The light green 
arrows represent a slight positive impact from one parameter to the other, but the light blue 
arrows represent a slight positive impact both ways between parameters. The red arrows 
represent a slight negative impact of one parameter on the other. The only arrow in turquoise 
shows a reinforcing moderate positive impact between tourism and cruise ships in the Arctic. 
The parameter of re-shifting of fish stocks was close to not being part of the system, but was 
concluded to have a slight positive impact on the need to monitor marine traffic in round 2 of 
the survey. 
4.10  Discussion 
The results from the Delphi method showed that in many cases it does induce a larger degree 
of consensus, but if strong opinions are held, people are less likely to divert from them. The 
feedback given from the first round clearly influenced the results of the second rounds. 
However, it is difficult to say whether people considered their evaluation again carefully, or 
were simply swayed by the comments given and the results from the first round. Of course, 
one must trust that participants answered to the best of their knowledge in both rounds. The 
respondent rate was 16 out of 50 or 32% in the first round and 11 out of 50 or 22% in the second 
round, which is in line with what is to be expected in Delphi studies. The respondent rate 
could possibly have been improved by taking the time to recruit experts in a more personal 
manner, via a phone call, for instance, or by offering a reward for participation. However, the 
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Figure 13 displays the same information as the cross-impact matrix in Table 1. The light 
green arrows represent a slight positive impact from one parameter to the other, but the 
light blue arrows represent a slight positive impact both ways between parameters. The 
red arrows represent a slight negative impact of one parameter on the other. The only 
arrow in turquoise shows a reinforcing moderate positive impact between tourism and 
cruise ships in the Arctic. The parameter of re-shifting of fish stocks was close to not being 
part of the system, but was concluded to have a slight positive impact on the need to mon-
it r marine traffic in round 2 of the survey.
4.10 Discussion
The results from the Delphi method showed that in many cases it does induce a larger 
degree of consensus, but if strong opinions are held, people are less likely to divert from 
them. The feedback given from the first round clearly influenced the results of the second 
rounds. However, it is difficult to say whether people considered their evaluation again 
carefully, or were simply swayed by the comments given and the results from the first 
round. Of course, one must trust that participants answered to the best of their knowledge 
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in both rounds. The respondent rate was 16 out of 50 or 32% in the first round and 11 out 
of 50 or 22% in the second round, which is in line with what is to be expected in Delphi 
studies. The respondent rate could possibly have been improved by taking the time to 
recruit experts in a more personal manner, via a phone call, for instance, or by offering a 
reward for participation. However, the former could be extremely time consuming and 
the second dependent on the resources of the researcher. As is often the case in surveys, 
participants are cautious in their judgments and shy away from extreme values, unless 
they hold strong opinions on certain issues. This study was probably no different, as the 
impact values ranged between slight negative impact and moderate positive impact. The 
median impact values must not be taken as absolute, as the interquartile ranges must also 
be considered, as well as the extreme opinions, since these are expert judgments, but not 
repeated processes in controlled settings. Consensus on estimation should indicate less 
uncertainty. However, in some cases it can be a sign of experts compromising instead of 
arguing to support their opinion. The wording of questions is also crucial to minimizing 
misunderstanding. In complex cases, such as the Arctic, where definition of parameters is 
somewhat conceptual, the possibility of experts from different disciplines having conflict-
ing points of view  in understanding questions is greater. Delphi does, however, resist this 
by having participants explain their views on the subject. The impact factor of re-shifting 
of fish stocks had a median of no impact on other factors, except (I think) for the need for 
monitoring marine traffic, where the impact was slight positive. Other parameters were 
considered to have no impact on the re-shifting of fish stocks. 
When looking at the range of answers and the comments given as reasons for judg-
ments it is obvious that the reason is not that it (not sure what „it“ is – not clear ) is not 
relevant. Many participants were confused by the wording, although it was similar to the 
wording of earlier research by Grímsdóttir (2014) and Guðmundsson (2015). In further 
research, this factor should rather be named ´re-shifting of fish stocks further towards the 
Arctic ‘, since this wording implies that it would stay within areas in which Iceland could 
gain quota rights. Possibly, it should even be defined in more detail with help from ex-
perts via interviews, since comments were made that it would matter which species of fish 
were moving. The main limitation to this research is the number of parameters it explores. 
As the cross-impact method is time demanding on participants, it was concluded that 
estimating cross-impacts of eight parameters would be applicable. The selection of pa-
rameters is a difficult task, since parameters excluded might be of great importance to the 
system, and parameters included could be of little value for the research.
This research did not focus on heuristic calculations of the cross-impact matrix. The 
cross-impact matrix is constructed from the expert opinions, and further mathematical 
inferences are left to other researchers. The reason for this is that the focus was rather on 
constructing the questions and gaining an overview of the parameters. If there is interest 
in the cross-impact matrix, it can (I think) be calibrated by using methods from Alarcon 
and Ashley (1998), for example. Initial probabilities and odds could be approximated from 
former research and the impact values from this research used to calculate new odds. 
Scenarios could be derived and parameters manipulated. However, it is debatable how 
much these calculations would achieve, since only 8 out of 28 impact factors and their 
cross-impacts have been estimated. Heuristic and inference methods have also been criti-
cized, since the output ultimately depends on the input, and often the most intricate part 
of the analysis is figuring out which set of events to include and exclude, and how to ask 
the right questions. 
The significance of the small sample must also be underlined, as only 11 people par-
ticipated in the second round of the Delphi survey. All participants were Icelandic, and 
throughout the research period, spanning three years, it became apparent that even though 
the sample was carefully designed to include opinions from government, academia and 
industry, experts from these sectors are not equally willing to reserve time to participate in 
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the surveys. The risk of an opinion bias can therefore not be ruled out, and further testing 
of the viability of the parameters and the cross-impact strength is needed.
The results comply to a fair degree with other discussions on the impact on economic 
activities in the Arctic, see, e.g. (Eskeland & Flottorp, 2006). However, it must be stressed 
that the majority of accessible studies on the impact of the prevailing climate changes fo-
cus on the ecosystem and mitigation strategies to preserve and/or to adapt (EEAS, 2017). 
A stochastic decision model where probabilistic (what if) parameters are connected can 
therefore contribute to comprehending the different outcomes based on different scenar-
ios. The future of the Arctic is uncertain, and contradictory debates are frequent. Uncer-
tainty regarding the future of the Arctic calls for a scenario-based planning approach. In 
spite of the model abstraction being based on Icelandic opinions, the model can be scaled 
to include other parts of the Arctic if the statistics are available.
5 Conclusion
The aim of this project was to explore formerly defined economic parameters to aid in 
the construction of an open access decision model for strategic planning in the Arctic re-
gion. The Delphi and cross-impact methods were chosen, since other data on influences 
in the Arctic region is not available, and research must rely on expert opinions. As always, 
where predictions of the future are concerned, the uncertainty level is high, and expert 
judgments should not be interpreted as facts, but as nothing more or less than a synthesis 
of opinions. 
The most important outcome of this research is the identification of eight significant 
impact factors and their alleged relationsship. Each of the parameters chosen for this re-
search should be considered in further work on the development of a decision model, 
since all of them carry a level of uncertainty and impact some of the other parameters. Still 
to be discovered are the impacts between these eight and the other twenty parameters not 
included in this research. Further work is therefore needed to formulate the mathematical 
relationship between the parameters, in order to build a platform for stochastic simula-
tions. 
The final words to sum up the conclusion of this research are from Ronald A. Howard 
(1980): “The overall aim of decision analysis is insight, not numbers“.
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